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Abstract
In recent WASA-at-COSY measurements of the basic double-pionic fusion reactions pn → dpi0pi0 and pn → dpi+pi− a
narrow resonance structure with I(JP) = 0(3+) in the total cross section has been found. If this constitutes a s-channel
resonance in the pn system, then it should cause distinctive consequences in pn scattering. The magnitude of the decay
width into the pn channel is estimated and the expected resonance effects in integral and differential pn scattering
observables are presented. The inclusion of the resonance improves the description of total cross section data. For the
analyzing power a characteristic energy dependence is predicted, which should allow a crucial experimental check of
the resonance hypothesis.
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1. Introduction
The so-called ABC-effect, which constitutes a pecu-
liar low-mass enhancement in the invariant mass of an
isoscalar pion pair produced in a double-pionic fusion
reaction, has been a puzzle all the time since its first dis-
covery fifty years ago by Abashian, Booth and Crowe
[1]. Recent WASA-at-COSY experiments [2, 3] on the
basic double-pionic fusion to deuterium established a
tight correlation between the appearance of the ABC ef-
fect and a narrow Lorentzian energy dependence with
mass m = 2.37 GeV and width Γ = 70 MeV in the in-
tegral cross sections of the reactions pn → dpi0pi0 and
pn → dpi+pi−, isoscalar part. The differential distribu-
tions are consistent with a I(JP) = 0(3+) assignment to
this resonance-like structure. In addition the experimen-
tal Dalitz plots point to a ∆∆ excitation in the interme-
diate state. Hence we consider the following reaction
scenario for the interpretation of the data:
pn → R → ∆∆→ (NNpipi)I=0, (1)
where R denotes a s-channel resonance in pn and ∆∆
systems. By this scenario we explictly neglect a possi-
ble direct decay R → NNpi. Note that an intermediate
N∆ configuration is excluded by isospin.
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In this paper we consider the possible decay channels
of such a resonance in the scenario of eq. (1). In partic-
ular we estimate the partial decay width into the elastic
pn channel and calculate the effect of such a resonance
onto the pn scattering observables.
2. Decay channels and widths
The cross section of the isoscalar two-body resonance
process pn → R → ∆∆ is given by
σpn→∆∆ =
4pi
k2i
2J + 1
(2sp + 1)(2sn + 1)
m2RΓiΓ f
(s − m2R)2 + m2RΓ2
, (2)
where ki denotes the initial center-of-mass momentum.
With J = 3 and sp = sn = 1/2 the peak cross section
at
√
s = mR = 2.37 GeV (ki = 0.72 GeV/c) is then
σpn→∆∆(peak) = σ0
ΓiΓ f
Γ2
(3)
with
σ0 = 16.4 mb (unitarity limit). (4)
Since we also have
Γ = Γi + Γ f , (5)
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we get from (3) and (5):
Γi = Γ(12 ±
√
1
4
− σpn→∆∆(peak)
σ0
). (6)
To estimate σpn→∆∆(peak) consider the total cross
sections of all channels, where the isoscalar ∆∆ system
can decay into:
• (i) dpi0pi0 and dpi+pi−:
Due to isospin rules we expect
σdpi+pi− (I = 0) = 2 σdpi0pi0 , (7)
however, due to the isospin violation in the pion
mass, the available phase space is somewhat
smaller for charged pion production than for the
production of the lighter neutral pions. In Ref. [3]
it has been shown that this results in a resonance
cross section, which is lower by about 20 % in case
of the dpi+pi− channel. Hence we have
σa := σdpi+pi− + σdpi0pi0 ≈ 2.6 σdpi0pi0 . (8)
The peak cross section of the pn → dpi0pi0 reac-
tion at
√
s = 2.37 GeV has been measured to be
0.27 mb [3]. This includes the contributions of the
t-channel ∆∆ and Roper excitations. Accounting
for this background effect the pure resonance cross
section in this channel amounts to about 0.24 mb,
i.e.:
σa ≈ 0.6 mb. (9)
• (ii) nppi0pi0, nppi+pi− and pppi0pi− - only I = 0 part:
In a recent paper [4] Fa¨ldt and Wilkin present an
estimate of the resonance cross section in the pn →
pnpi0pi0 reaction. According to their calculation
based on final state interaction theory the expected
peak cross section in the deuteron breakup chan-
nel pnpi0pi0 is about 85% that of the non-breakup
channel dpi0pi0, i.e. about 0.2 mb. Very recently
also Albaladejo and Oset [5] estimated the ex-
pected resonance cross sections in pn → pnpi0pi0
and pn → pnpi+pi− using a more elaborate theoret-
ical procedure. Their result for the pn → pnpi0pi0
channel is compatible with that from Ref. [4].
Next we consider the pppi0pi− channel. Though
both the pp pair and the pi0pi− pair are isovector
pairs, they may couple to I = 0 in total. Hence
the isoscalar resonance may also decay into the
isoscalar part of the pppi0pi− channel. In fact, the
decay of the resonance into the pppi0pi− channel
proceeds via the same intermediate∆+∆0 system as
the dpi0pi0 channel does. From isospin coupling we
expect that the resonance decay into the pppi0pi−
system should be half that into the nppi0pi0 system.
And since from the estimates in Ref. [4] we ex-
pect the resonance effect in the nppi0pi0 system to
be about 0.20 mb, we estimate the peak resonance
contribution in the pppi0pi− system to be in the or-
der of 0.1 mb. In fact, a recent measurement [6]
of this channel by WASA-at-COSY is in agree-
ment with such a resonance contribution in the to-
tal cross section at
√
s = 2.37 GeV.
The resonance effect in the isoscalar part of the
nppi+pi− channel is composed of the configurations,
where either both np and pi+pi− pairs couple each to
I = 0 or both pairs each to I = 1. The latter case
provides the same situation as the pppi0pi− channel.
Hence we have
σnppi+pi− (I = 0) ≈ 2σnppi0pi0 + σpppi0pi− (10)
σb := σnppi+pi− + σnppi0pi0 + σpppi0pi−
≈ 0.5 mb + 0.2 mb + 0.1 mb (11)
≈ 0.8 mb.
We note that our estimate for the resonant pn →
pnpi+pi− cross section is in agreement with that of
Ref. [5].
• (iii) pppi− and pnpi0 (I=0 part):
The isoscalar part of single-pion production is not
well known. Recent work [7, 8] suggests a max-
imum isoscalar cross section at
√
s = 2.30 GeV
with an indication of some steep decline thereafter.
At our resonance energy there are no data at all.
Independent of this it is very hard to construct a
process, where the intermediate ∆∆ system decays
by emission of a single pion only. In such a case
one of the ∆ excitations must be de-excited by pion
exchange with the other∆. However, the formation
of an intermediate N∆ state is isospin forbidden –
as already mentioned in the introduction. Also, the
condition JP = 3+ is very hard to fulfill in such a
scenario. Hence we conclude that any decay of the
resonance R into these single-pion channels must
be small compared to the favored decays into the
two-pion channels.
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Table 1: Branching ratios of the d∗ resonance into its decay channels
based on eqs. (3) and (12) and the peak cross sections given under (i)
and (ii).
decay channel branching ratio remarks
np 10 % predicted
dpi0pi0 15 % measured
dpi+pi− 25 % measured
pppi0pi− 7 % measured
nppi+pi− 31 % predicted
nppi0pi0 12 % predicted
Altogether we get as an estimate
σpn→∆∆(peak) = σa + σb ≈ 1.4(1) mb. (12)
Putting this into eq. (6) and selecting the minus sign
before the root we obtain
Γi = 7(1)MeV f or Γ = 70 MeV, (13)
which in turn corresponds to a resonance cross section
in the elastic pn channel of only
σpn→pn ≈ 0.16 mb, (14)
if the resonance would contribute only incoherently.
From the peak cross sections given under (i) and (ii)
as well as from eqs. (3) - (13) we may readily calculate
the branching ratios BR := Γ j/Γ for the decay of the
resonance into the channels j. The results are listed in
Table 1.
The value obtained for Γi appears to be quite reason-
able. It is somewhat smaller than the quark-model pre-
dictions of Ping et al. [9] (see their Table V) where
they quote Γi = 9 - 17 MeV. In this table they also
quote a value of Γi ≤ 18 MeV to be consistent with
the SAID phase shift analysis SP07 [10]. An upper
limit for Γi may be directly derived also from Table 2,
where SAID cross sections are quoted for selected par-
tial waves. Since JP = 3+, the initial partial waves for
the formation of the resonance R are the 3D3 and/or 3G3
pn partial waves. The 3D3 total elastic cross section at
Tp = 1.2 GeV is 1.46 mb. Taking this as an upper limit
for the elastic resonance cross section we obtain as an
upper limit for the elastic decay width Γi ≤ 20 MeV. In
case of a resonance excitation purely by the 3G3 partial
wave the total elastic cross section given by SAID for
this partial wave is already exhausted by Γi = 9 MeV.
We note, however that we discuss here two extreme sit-
uations. Actually, 3D3 and 3G3 are J-coupled partial
waves allowing for a mixing of both components. I.e.,
the true solution may be in-between the two extreme
cases, which we discuss in this paper for simplicity.
Table 2: Total, elastic and reaction cross sections for selected isoscalar
pn partial waves at Tp = 1.2 GeV according to SAID [10].
partial wave σtot[mb] σeltot[mb] σreactot [mb]
3S 1 7.05 6.23 0.82
3D1 4.51 3.17 1.34
3D3 5.95 1.46 4.49
3G3 1.30 0.25 1.05
We note in passing that the other solution of eq. (6)
– the one with the +sign – leads to Γi = 62 MeV im-
plying that the resonance would be predominantly elas-
tic. i.e. mainly decaying into the elastic channel and
only weakly decaying into the pion-production chan-
nels. This solution is at obvious variance with SAID.
Before we continue to discuss the consequences of
the resonance hypothesis for the pn scattering observ-
ables, we shortly want to discuss the situation for the
case that the spin-parity of the resonance would have
been JP = 1+. As discussed in Ref. [2] a ∆∆ system in
relative s-wave in the intermediate state could in princi-
ple have JP = 1+ or 3+. In the JP = 1+ case we would
get the unitarity limit σ0 = 7.0 mb and using the esti-
mate of Fa¨ldt and Wilkin [4] σ∆∆(peak)/σ0 = 0.31. Ac-
cording to eq. (6) this leads, however, to an imaginary
part for the partial width Γi in the pn channel. To avoid
this imaginary part necessitates σ∆∆(peak) ≤ 1.75 mb.
This in turn means σb ≤ 0.85 mb, which is at variance
with the estimates of Fa¨ldt and Wilkin [4]. Taking this
limiting case would result in Γi = Γ/2 = 35 MeV and
σpn = 1.75 mb. As already demonstrated by Fa¨ldt and
Wilkin [4] the estimated cross section for J = 1 exceeds
the sum of the SAID inelastic cross sections in the 3S 1
and 3D1 partial waves.
In general the decay widths of a resonance are mo-
mentum dependent. This is important, if we consider
the resonance not only at its resonance mass – as done
above – but also over a wider range of energies, as we
will do now in the following. The momentum depen-
dence is particularly significant for the numerator of the
resonance amplitude, where the elastic decay width en-
ters linearly and is highly momentum dependent due to
the D- and G-wave character, respectively of the rele-
vant partial waves. Following Ref. [11] we parameter-
ize the elastic width due to the resonance excitation in
the 3L3 partial wave as follows:
Γi(q) = Γi(qq R
)2L+1(q
2
R + δ
2
q2 + δ2
)L+1, (15)
where q and qR are the nucleon three-momenta in the
rest-frame of the resonance at energies
√
s and mR, re-
3
spectively. For the cutoff parameter we use δ = 0.5
GeV/c2.
In the exit channel the resonance decays into the ∆∆
system with a relative s-wave between the two ∆s — as
observed in the ∆ angular distribution (Fig. 5 in Ref.
[2]). Therefore we have
Γ∆∆ = g2∆∆q∆∆F(q∆∆)2 (16)
where a monopole form-factor
F(q∆∆) = Λ
2
Λ2 + q2
∆∆
/4
(17)
is introduced, in order to account for the ABC ef-
fect (see Refs. [2, 12]. The cutoff parameter Λ is ad-
justed for best reproduction of the ABC effect (low-
mass enhancement) in the Mpipi spectrum. Since q∆∆ =
qpipi, when neglecting the Fermi motion of the nucleons,
this form-factor is reflected directly in the Mpipi spectrum
and causes there the ABC effect by suppression of the
high-mass region. Fitting the cutoff parameter Λ of this
monopole form-factor to the data in the Mpipi spectrum
results [2] in
Λ ≈ 0.16 GeV/c (18)
corresponding to a length scale of r = ~
√
6
Λ
≈ 2 fm.
The total width of the resonance is then given by
ΓR(s) = Γi +
∑
Γ f = Γi(q) + γR (19)∫
dm21dm22q∆∆F(q∆∆)2|D∆1 (m21)D∆2 (m22)|2,
where the integral runs over all possible q∆∆ and Npi-
invariant mass-squared m21 (m22) forming the systems ∆1
and ∆2, respectively [13].
The second term in eq. (18) denotes the decays of the
resonance via the intermediate ∆∆ system. The quantity
γR contains the coupling constant g∆∆ and other con-
stants and is fitted to yield a total width of ΓR(s = m2R)
= 70 MeV.
3. Resonance amplitude in the pn channel
Knowing now the partial decay width of the reso-
nance R into the elastic pn channel we can calculate the
resonance effect in this channel by adding the resonance
amplitude to the corresponding partial wave amplitude
of the energy dependent SAID solution.
The scattering amplitude is given by the T-matrix el-
ements for the (l, j)th partial wave, which are connected
to those of the S-matrix by
Tl j =
S l j − 1
2i
. (20)
The S-matrix is parameterized usually in the Stapp no-
tation [14]
S l j = ηl je2iδl j (21)
where δl j denotes the real part of the phase shift in
the (l, j)th partial wave and ηl j stands for its absorptive
part, the inelasticity.
For the full partial wave amplitude in the resonating
partial waves 3D3 and 3G3, respectively, we take the
product S-matrix approach as used for the SAID analy-
sis of piN scattering [15]:
S l j = S Bl j(1 + 2i
mRΓi
m2R − s − imRΓR
e2iΦR ), (22)
where S Bl j denotes the non-resonating background con-
tribution, for which we take the current SAID SP07 so-
lution.
By doing so we assume that
• the energy-dependentSAID solution is not affected
significantly by use of the data in the resonance re-
gion Tn = (1.0 - 1.3) GeV. Since differential cross
section data - as we will demonstrate below - show
an insignificant sensitivity to the resonance, the
only data of relevance in this region are the analyz-
ing power data at Tn = 1.1 GeV. In a global SAID
analysis based on a multitude of data such a single
data set is not expected to play a significant role.
• the perturbation by the resonance amplitude is
small, so that no severe problem with unitarity
arises. Multiplication of the Breit-Wigner reso-
nance term with the background S-matrix in the
multiplicative S-matrix approach helps to dimin-
ish this problem. In case of ΦR = 0 unitarity is
conserved by construction, otherwise one needs
to check, whether for the resonating partial wave
η ≤ 1 is still valid.
In the resonance amplitude all values are fixed with
the exception of the resonance phase ΦR. There are a
priory no predictions for this phase between resonance
and background amplitudes. Hence it is treated as a free
parameter. In the following we use the total pn cross
section data to fix the resonance phase ΦR.
4. Resonance effect in np scattering observables
The total (integral) elastic and reaction np cross sec-
tions are shown in Fig. 1. The solid curves give the cur-
rent SAID solution and the dotted (dashed) lines the re-
sult, if we add the resonance amplitude in the 3D3 (3G3)
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Figure 1: Total (integral) elastic (top) and inelastic (bottom) pn
cross sections in dependence of the incident neutron energy
Tn. The two data points are from Besliu et al. [16]. The solid
lines denote the current SAID solution SP07 [10], the dotted
(dashed) lines are the result, if we add the resonance amplitude
in the 3D3 (3G3) partial wave. Note that dotted and dashed
curves lie nearly on top of each other, since the total cross
sections are not sensitive to the partial waves’ orbital angular
momenta. The dash-dotted curves are the result, if in the 3G3
case the inelasticity η43 is constrained to unity, wherever it
would exceed unity by adding the resonance amplitude. This
concerns only the energy region Tn < 1.1 GeV.
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Figure 2: Total pn cross section (top) and total isoscalar
nucleon-nucleon cross section (bottom) in dependence of the
incident neutron (nucleon) energy Tn. Data (solid symbols)
below 800 MeV are from Lisowski et al. [17] and above 800
MeV from Devlin et al. [18]. The open symbols represent
data from Sharov et al. [19]. The horizontal bars indicate the
energy resolution of the incident neutrons. The plotted curves
are averaged over these experimental energy resolutions. For
the meaning of the curves see caption of Fig. 1. The vertical
arrow indicates the position of the ABC resonance structure.
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partial wave with phase ΦR = −30◦. As expected from
the estimate in eq. (13), the resonance effect is very
small in the integral cross sections. In addition there are
no data to compare to with the exception of two data
points with large uncertainties [16]. The experimental
situation improves drastically, however, if we consider
the sum of elastic and reaction cross section, i.e., the
full total np cross section, which can be accessed by 0◦
transmission measurements.
Fig. 2, top, shows the total np cross section for
Tn = (0.5 - 2) GeV. The data (solid symbols) plotted
for Tn < 0.8 GeV are from Lisowski et al. [17] taken
at LAMPF in a high-resolution dibaryon search. The
data plotted for Tn > 0.8 GeV are from Devlin et al.
[18] taken with a neutron energy resolution of (4−20)%
(horizontal bars in Fig. 2). Also data from Sharov et al.
[19] are shown (open symbols), which have larger un-
certainties, but are taken with a much superior neutron
energy resolution of (13 - 15) MeV. The data exhibit a
pronounced jump in the cross section between Tn = (1.0
- 1.3) GeV. This jump is remarkable, since the pp to-
tal cross section is completely flat in this energy region.
Hence in the isoscalar total nucleon-nucleon cross sec-
tion σI=0 = 2σpn−σpp, where the SAID values are used
for σpp, this jump appears still more pronounced (Fig.
2, bottom). The current SAID solution is shown by the
solid lines again. Its description of the data is only fair.
In particular the observed s-shaped increase in the total
cross section above 1 GeV is only slightly indicated in
the SAID solution.
If we include the resonance amplitude in the 3D3
(3G3) partial wave with a resonance phase ΦR = 0, then
we obtain a Lorentzian shaped bump in the total cross
section around Tn ≈ 1.1 GeV, which roughly provides
the right increase of the cross section in this energy re-
gion, but also a fall-off thereafter, which is not in accord
with the data. To reproduce the s-shaped increase in the
total cross section we rather need ΦR ≈ −(25 − 45)◦,
which provides a destructive interference with the 3D3
(3G3) background amplitude at energies below the res-
onance mass and a constructive interference above it.
This calculation is shown in Fig. 2 by the dotted
(dashed) lines. We see that the resulting s-shaped pat-
tern improves significantly the agreement with the data.
The calculations are averaged over the energy resolution
of the neutron beams (indicated by the horizontal bars
in Fig. 2) used in the experiments. This energy smear-
ing is particularly large in the measurements of Devlin
et al. [18].
Putting the resonance in either 3D3 or 3G3 partial
waves makes no major difference here, since the total
cross sections are not sensitive to the partial waves’ or-
bital angular momenta. Slight differences arise from the
fact that we have different momentum dependences for
3D3 and 3G3 partial waves — see eq. (15) – and in
particular from the fact that the resonance amplitude is
multiplied by the background amplitude – see eq. (22),
where the real parts of 3D3 and 3G3 phase shifts differ
by more than 10◦.
The pase shifts for 3D3 and 3G3 partial waves in
the energy region of interest are depicted in Fig. 3.
For the 3D3-case the inclusion of the resonance with
ΦR ≈ −(25 − 45)◦ does not cause problems with uni-
tarity, since the background inelasticity ηB23 is already
much below unity in the energy region of the resonance.
For the 3G3-case the situation is much more delicate,
since ηB43 is still close to unity in the resonance region –
with the consequence that the the total η43 gets slightly
above unity for energies below 1.1 GeV. This points
to the necessity that the background amplitudes would
need to be readjusted, when taking into account the res-
onance explicitly. Since this would mean a major effort
much beyond the scope of this work, where the main
emphasis is to demonstrate the basic effect of the res-
onance on the observables, we demand for simplicity
η43 = 1 in the region, where it would exceed unity. (Ef-
fectively, this means that we readjust the background in-
elasticity ηB43 accordingly.) This constrained calculation
is shown in the figures by the dash-dotted lines. As ex-
pected, the calculation for the total cross sections falls
now speedily back to the SAID solution in energy re-
gion below 1.1 GeV, where η43 is now constrained to
unity. As we will show below in Fig. 5, this constraint
has only tiny effects on the differential np-scattering ob-
servables at energies below 1.1 GeV.
After having succeeded in improving the description
of the total cross section data substantially by inclusion
of the resonance amplitude in 3D3 or 3G3 partial waves,
we consider now the resonance effect in the differential
observables. In contrast to the situation for the integral
cross section, it will make here a substantial difference,
whether the resonance is in the 3D3 or the 3G3 partial
wave due to the different angular dependences of these
partial waves – in particular in the analyzing power Ay,
as we will demonstrate in the following.
Fig. 4 shows the angular distributions of differential
cross section dσ/dcos(Θ), vector analyzing analyzing
power Ay and spin correlation coefficients A00i j at Tn =
1.13 GeV corresponding to the resonance energy
√
s =
2.37 GeV, where we expect the effect of the resonance
on the observables to be largest. At this energy there are
only data for the differential cross section at small scat-
tering angles. The solid lines denote the current SAID
solution, the dotted (dashed) lines give the result with
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Figure 3: Energy dependence of the phase shifts for 3D3 (left)
and 3G3 (right) partial waves. The real parts δl j are shown
at the top, the imaginary parts below either as inelasticity ηl j
(Stapp notation [14]) in the middle or as ρl j phase in the SAID
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Figure 4: Differential distributions of cross section
dσ/dcos(Θ), vector analyzing power Ay and spin corre-
lation coefficients A00i j at Tn = 1.13 GeV corresponding to
the resonance energy
√
s = 2.37 GeV. For the meaning of the
curves see caption of Fig. 1. For the differential cross section
data are plotted for the nearby energies Tn = 1.118 GeV [20]
and Tn = 1.135 GeV [21].
the resonance amplitude added in the 3D3 (3G3) par-
tial wave. As expected from the discussion of the in-
tegral elastic cross section the resonance effect is tiny
in the differential cross section, however, sizably in the
polarization observables. It is largest in the analyzing
power Ay, which solely depends on interference terms.
The resonance effects are particularly notable at inter-
mediate angles, where the differential cross section gets
smallest. We also see that 3D3 and 3G3 resonance con-
tributions lead to opposite effects there. This provides
the opportunity to disentangle these contributions by Ay
measurements.
The decomposition of the np-scattering observables
into partial wave amplitudes is given in Ref. [22]. Ac-
cordingly we have for the analyzing power:
dσ/dcos(Θ) ∗ Ay ∼ Im(H3 + H5)H∗4 (23)
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Θcm = 83◦. The plotted data are from [23, 24, 25, 26, 27, 28,
29, 30, 31]. For the meaning of the curves see Fig. 1.
with Hi containing sums over partial wave amplitudes
with total angular momenta j0 = j = L, j− = L − 1 and
j+ = L + 1. H3 contains terms being proportional either
to the Legendre polynomials P j or to the associated ones
P1j . In H5 there are terms only proportional to P j and in
H4 only proportional to P1j . In particular, the structure
of H4 for j = 3 is as follows:
H4( j = 3) ∼ [4(TL=4 − 3TL=2) +
√
12TL=3]P13, (24)
where the T-matrix elements contain the complex phase
shifts. We see that a resonance effect in 3D3 and 3G3 en-
ters with opposite sign and is proportional to P13 in both
cases. Hence the resonance effect vanishes at the zeros
of P13, which is the case at cos(Θ) = ±1/
√
5 = ±0.447
corresponding to Θ = 63.4◦ and 116.6◦. At these an-
gles the predictions with and without resonance in 3D3
or 3G3 cross each other – see Fig. 4, top right. P13 is
maximal at cos(Θ) = ±√11/15 = ±0.856 and mini-
mal at cos(Θ) = 0. Since at the latter the differen-
tial cross section is minimal and much lower than at
cos(Θ) = ±0.856 – see Fig. 3, left –, the resonance
effect in Ay gets maximal at cos(Θ) = 0, i.e. at Θ = 90◦.
In Fig. 5 we plot the energy dependence of Ay near
Θ = 90◦, the angular region, where we find the largest
resonance effects and where also a large amount of data
are available, in particular from neutron-proton scatter-
ing experiments at Saclay [23, 24]. Since the angular
dependence around Θ = 90◦ is small, we plot in Fig. 5
the energy dependence at Θ = 83◦, where the situation
of available data [23, 24, 25, 26, 27, 28, 29, 30, 31] is
more favorable than at Θ = 90◦. The meaning of the
drawn curves is the same as in Fig. 4. A significant res-
onance effect shows up within the energy region Tn =
(1.0 - 1.3) GeV. The effect is opposite in sign for the res-
onance residing in 3D3 or 3G3 partial waves. Note also
that the calculations with (dashed) and without (dash-
dotted) the constraint η43 ≤ 1 exhibit only small differ-
ences for energies below 1.1 GeV – well within uncer-
tainties of currently available data. This is not unex-
pected, since according to eqs. (20) - (24) the analyzing
power is mainly sensitive to the real part of the phase
shift.
5. Conclusions
Summarizing, we have shown that the I(Jp) = 0(3+)
resonance structure found in the basic double-pionic fu-
sion process pn → dpi0pi0 is consistent with existing
np scattering data. The effect of such a s-channel res-
onance is significant in specific np observables. In par-
ticular it improves considerably the description of the
total cross section beyond 1 GeV. Among the differen-
tial observables the vector analyzing power exhibits the
largest sensitivity to the resonance. However, for a cru-
cial test of the resonance hypothesis and a meaningful
separation of 3D3 and 3G3 resonance contributions high-
precision data are needed for the energy region Tn = (1.0
- 1.3) GeV. Such measurements have actually been car-
ried out very recently with the WASA detector at COSY
and the data analysis has started. The WASA detector
installed at the COSY ring is particularly suited for an-
alyzing power measurements in the intermediate angle
region, which – as we have demonstrated here – is of
main interest for the search of resonance effects in np
scattering.
We finally note that on the issue of the I(Jp) = 0(3+)
resonance structure meanwhile a first three-body Fad-
deev calculation with full relativistic kinematics and
based on hadron dynamics has been carried out by Gal
and Garzilaco [32]. They find, indeed, a resonance with
just these quantum numbers at a mass of 2.36(2) GeV
in agreement with the experimental observation.
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